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Verification of traceability and backscattering in Surface Entrance Air 

Kerma measurements with detector type ionizing chamber 
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Abstract: Measurements of doses in radiology services by ionizing chambers are 

easier than those made by TLD, however the protocols for measurements differ 

regarding the calibration. The objectives were to verify the traceability in the measures 

of ESAK corrected by the inverse square law, due to the difference in position 

between the source and IC and the influence of the backscattered radiation in bringing 

the detector to the table. Was defined a procedure practiced by the radiological 

services and designed experimental arrangements for the same technique. Was noted 

that the approximation of the detector to the table generated a significant 

backscattered. 
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1 INTRODUCTION 

 

The Measurements of Entrance 

Surface Air Kerma (ESAK) are relevant to the 

verification of the applied doses in diagnostic 

radiology services. These measurements are 

taken at a point corresponding to a plane 

entrance surface of a specified object. The 

object can be any region of a patient or a 

phantom and the results associated with a 

backscatter factor [1].  

The thermoluminescent dosimeters 

(TLD) are the most recommended to these 

measurements, because they are positioned on 

the patients and the readings do not require 

corrections [2], but there are uncertainties of 

the method. Despite the recommendations, 

there is the problem of the dynamics of the use 

of TLD, being complex, it is not always the 

professionals in this field have at their disposal 

a laboratory monitoring, which makes this 

method very expensive. The resolution of this 

problem may be to use ionizing chamber (IC) 

for the measurements. 

The IC must be calibrated by Nationals 

Metrology Laboratory or their accredited, 

translating reliability measures and making 

them traceable. The calibration of ionizing 

chambers in a Standard Laboratory, to use in 

diagnostic radiology, is defaults to 1 meter 

from the source [2; 3] in collimated beam and 

did the comparison to an Air Free Reference 

Chamber. It happens that the available 

protocols for taking measurements of ESD and 
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ESAK have divergence from the calibration 

method. 

The TRS 457 recommends that the 

measures of ESAK, when realized by ionizing 

chambers, be obtained from the readings of 

Incident Air Kerma (IAK), and then corrected 

by the inverse square law. The IAK, according 

to the TRS, is obtained by positioning the IC 

between the simulator and the tube, 

significantly reducing the distance between the 

source and detector, and less than 1 meter, so 

differing from the calibration of the 

instrument. 

The methodology for verification of 

ESD published by the National Agency of 

Sanitary Vigilance – Brazil (ANVISA) in 

Manual of Equipment Safety and Performance 

[4; 5], recommends that the ionization chamber 

to be placed on a support at a distance 

corresponding to the plane of the simulator or 

patient, or on the table. It is also 

recommended, when neither the position 

detector at distances, the adjustment should be 

carried out following the inverse square law. 

The position of the IC on the exam 

table may involve the production of 

backscattering coming from the interaction of 

the primary beam with the table itself and, 

depending on distance and radiographic 

technique employed, can define whether the 

radiology service is in a situation of 

"noncompliance" or "compliance" with the 

recommendations and national standards for 

radiation protection. This effect was not 

described in any of literature reference used in 

this study. 

The objectives were to verify  the 

traceability in the measures of ESAK or ESD 

corrected by the inverse square of distance law, 

due to the difference in position between the 

source and ionization chamber and the 

influence of the backscattering on approach of 

the detector to the examination table, where 

varied only the distance between the tube and 

the table. 

 

2 MATERIALS AND METHODS 

 

Was used a radiodiagnostic equipment 

of 500 mA and tension between 30 and 150 

kV, with generator from high frequency. Was 

defined as reference procedure, the lateral 

projection of the lumbar spine with 

radiographic technique used by staff of 

research participants radiological services. The 

relationship between current-time used was 

100 mAs, 200 mA and 0.5 s to 80 kVp, the 

field size varied depending on the positioning 

of the IC and breadth of its sensitive area. The 

technique was based on the measures for man 

reference to focus-film distance (FFD) of 1 

meter [6, 7, 8, 9] and distance-focus object 

(DFOmin) of 70 cm. A Radcal dosimetric 

system, model 9015 with cylindrical chamber 

of 6 cc was used, calibrated in terms of Air 

Kerma for a beam quality RQR 6 [2]. 

Were performed six different 

experimental set of measures for the distances 

source-chamber, source-table and chamber-

table, with five readings for each arrangement 

and found the means and standard deviations. 

The set position to obtain the reference reading 

displays the X-ray tube in its maximum 

vertical displacement (fig. 1), establishing as 

100 cm the distance detector, which thus 

remains positioned 30 cm from the table, 

avoiding the backscattering. The chamber was 

also positioned at 20 cm and 10 cm from the 

table, while keeping the tube at 1 meter from 

the detector in order to verify the influence of 

the backscattered radiation in these three 

distances, i.e., with the tube (focal point) to 

130 cm 120 cm and 110 cm from the table. 

The reference reading was corrected by the 

inverse square law to 70 cm, the distance 

focus-patient examination of the lateral 

lumbar spine projection (fig. 2). 

Two other arrangements are mounted 

so that the effective focal point of the chamber 

was positioned closest to the table 3 cm 

(fig. 3). The X-ray tube was placed in two 

positions, 100 cm of the ionization chamber 

and 90 cm in order to verify the contribution of 

backscattering in the measurement, due of the 

proximity of the IC with the table. 

The verification of traceability was 

performed to a comparison between the 

reference reading and the latter arrangement, 

where the detector is positioned 30 cm from 

the table, but the tube 70 cm, simulating the 

actual conditions of examination. 
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Figure 1 – Arrangement for reference reading. 

 

 

 
Figure 2 – layout measures. 

 

 
Figure 3 – Arrangement with the ionization 

chamber near 3 cm from the scattering. 

 

3 RESULTS 

 

 The comparison between the reference 

read (100 cm) corrected to 70 cm by the 

inverse square law and the reading taken with 

the chamber 70 cm of the tube (table 1), i.e. 

reading performed on the point in the plane of 

the surface of patient, demonstrates a 

significant difference for patient’s dosimetry, 

of 0.448 mGy. 

 
Table 1 – Comparison between the dose obtained at 

100 cm corrected by the law inverse square law to 

70 cm and the dose obtained at 70 cm by simulating 

the distance source-patient, the ratio and difference. 

Air Kerma (mGy) 

Reference reading taken at 

100 cm 
4.797 

Reference reading 

corrected to 70 cm 
9.790 

Reading taken at 70 cm  10.238 

R 1.046 

D 0.448 

 

Table 2 shows a small increase in dose 

when the distance between the detector and the 

examination table is reduced. The distance 

between the ionization chamber and the tube 

was maintained at 100 cm. 

 
Table 2 – Increase in dose with the 

approximation of the chamber and X-ray tube 

to the examination table. 

Distance between 

chamber and exam 

table 

Air Kerma 

 (mGy) 

30 cm 4.797 

20 cm 4.870 

10 cm 4.933 

Average 4.867 

 

 

The values found with the chamber 

3 cm from the table and variation of the 

distance between the tube and the examination 

table (table 3) showed no significant change, 

but increased if compared to the steps 30 cm, 

20 cm and 10 cm between the chamber 

ionizing and the table. This increase was 

attributed to backscattering and defined as 

[ ]LpLdBS −=    (1) 

where Ld is the average reading to the distances 

30 cm, 20 cm e 10 cm between the chamber 

and the examination table and Lp is the average 

reading with the detector 3 cm from table top 

and the backscattering factor (BSF) defined as 

the ratio between the same average readings 

(Ld/Lp). The application of BSF to the table 

generate the results shown in table 4 and 

comparison between the liquid values and the 

values in the application factor is shown in 

figure 4. 
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Table 3 – Doses with the chamber 3 cm to the 

table top, source 90 cm and 100 cm to the 

ionizing chamber. Difference (BS) between Lp 

and Ld and ratio between Ld e Lp (BSF). 

Ionizing chamber at 

3 cm from the table 

top 

Air Kerma 

(mGy) 

Tube at 90 cm to the 

chamber 
5.438 ± 0.177 

Tube at 100 cm to the 

chamber 
5.552 ± 0.165 

Average (Lp) 5.495 

BS 0.628 

R (BSF) 0.886 

 

Table 4 – Application of BSF 0,886 with the 

ionizing chamber at 3 cm from the table top. 

Ionizing chamber 

at 3 cm from the 

table top 

Air Kerma (mGy) 

Tube at 90 cm to 

the chamber 
4.818 ± 0.157 

Tube at 100 cm to 

the chamber 
4.919 ± 0.147 

 

 

 
Figure 4 – Comparison of the values taken 3 cm 

from the table top with and without the BSF and 

the reference reading obtained with the chamber at 

30 cm from the table top. 

 

4 DISCUSSION 

 

Table 1 shows that measurements 

taken at the point of the plane on the surface of 

the phantom or patient have higher values than 

the measurements at 100 cm and corrected by 

the inverse square law. The non-positioning of 

the chamber at 100 cm implies a non-

traceability of measurements, because the 

readings of the other distances cannot simply 

be corrected by the inverse square law, this 

effect was also observed by Burgess [10]. 

The approximation to the focal point of 

the chamber means in other undesirable effects 

as described by Kondo e Randolph [11]. Other 

important factors are the thickness of the 

chamber and determining the effective focal 

point [12]. 

The backscattering factor (BSF) is 

presented and discussed in several articles [13; 

14; 15; 16], but always taking into account 

only the radiation scattered by the tissue or 

tissue-equivalent phantom, characterized as 

water or water phantom [2]. Clinical practice 

shows that the simulator is not used, leaving 

only the table as a scatterer object. The BSF is 

defined by Klevenhagen and in most studies by 
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where X
(w)

 is the Exposure at the water 

phantom surface, X
(free)

 is the Exposure in the 

same point of the space in the absence of the 

simulator and  (µtr/ρ)w,air is the ratio of the 

mass-transfer energy coefficients for water and 

air at the presence of scatterer and free space. 

This factor is important due to the 

increase in actual measurement [17], but in this 

study was evaluated only the backscatter 

produced by the interaction of ionizing 

radiation with the examination table. It was 

found that due to the maximum displacement 

of the vertical x-ray tube, it is necessary in 

some instances to approximate the chamber 

from the table, which generates a significant 

backscattering. 

 

5 CONCLUSIONS  

 

Calibration of the detectors is 

extremely important for any measure to 

dosimetry and radiation protection. The 

chambers, so that their readings are deemed 

reliable, need to be calibrated in a standard 

reference laboratory so that results are 

traceable. 

The current protocols recommend 

different ways to perform the measurements of 

the Entrance Surface Air Kerma and Entrance 
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Skin Dose, which makes traceability to 

Absolute Quantity Air Kerma, confused. 

Adjustment of the values found with 

the detector 100 cm and corrected by the 

inverse square law differs significantly from 

the results of the measurements with the 

detector section in the plane of the patient or 

surface of the simulator. 

The results obtained with the detector 

in the position of the patient, for metrological 

purposes, are not acceptable because the 

reference values of ESAK or ESD, according 

to the standards and recommendations are not 

subject to fluctuations, but limits. It is 

recommended to do so, that measures are taken 

in the same distance from the calibration in 

order to trace. 

The approximation of the ionization 

chamber to the exam table also generates a 

significant backscatter, which can be avoided, 

positioning the instrument away from the table, 

but sometimes it is not feasible due to the 

maximum vertical displacement of the X-ray 

tube. 

Verification of ESAK or ESD with 

detectors type ionization chambers is feasible 

and reliably replaces the TLD, eliminating 

even the uncertainty surrounding the 

thermoluminescent method. 

The viability and the accuracy of the 

IC are dependent on the proper use thereof, is 

recommended an arrangement of the same type 

conditions of standard reference laboratory. 
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